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Novel Compositions 



The present invention relates to the drug substance spironolactone in the form 
of nano])articles, to methods of preparing said nanoparticles, formulations 
containing said nariopaxticles, and the use of said nanoparticulate drug 
mbstance. In particular the present invention relates to nanosuspensions 
l^omprising spironolactone. • 



Spironolactone is known as an aldosterone inLhibitor having utility as a 
DOtassium sparing diuretic. It is commercially available as e.g. aldactone and 
may be Employed e.g. in the treatment of congestive heart failure. 
Spironolactone has extremely low solubility in water, viz: 2.8mg/100ml This 
:an advjrsely affect absorption of the drug substance in vivo, leading to poor 
bioavailability. Consequently higher amounts of the drug substance are 
required to achieve the desired blood levels. The poor solubility of 
5pirono|actone als j) restricts the opjtions available for formulating the drug 
substante. 



Following oral adlinmstration, the absorption of drugs from the intestine is 
mainly (dependent on their solubility in the intestinal fluids and their intestinal 
permealjjility. Poorly soluble drugs generally have low dissolution rates and 
exhibit only a small concentration gradient across the intestinal mucosa, which 
can result in low and unreliable levels of absorption. Dmg substances which 
have low solubility also suffer from disadvantages in respect of other routes of 

adnMnistration, for example, by injection. Thus, it may only be possible to 

I 

stchieve jvery dilute solutions which do not provide the required dosage. In such 
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15 



circumstances it may be necessary to adimnister the drug as a continuous 
infusioijl rather thaa as a bolus injejction. In some cases it may not be possible to 
achieve' if ormulations suitable for parenteral adnGtinistration at all. 

I 

Significant efforts have been directed to producing drug substances in the form 
of micriiparticles and nanoparticles. However, preparation of such small 

'i 

particle^ is not a trivial matter and can give rise to further difficulties both in 

, i 

relation to technical aspects of the process and in obtaining a satisfactory 
product; . Thus for example there can be difficulties, especially on a 

manufacturing scale in obtaining a consistent and narrow particle size range. 

Furthermore, it is necessary to obtain stable products, e.g. nanosuspensions, but 

I 

naicrop articles and nanoparticles have a tendency to aggregate and flocculate, 

I 

which 1] as adverse consequences J|or the stabiUty of the product. 

A numl^er of differeitit approaches^have been investigated for the preparation of 

micropiarticles and nanoparticles. 



20 



US Patent 5,091,188 describes a method for preparing injectable solutions of 

'I 

water-insoluble drugs, which comprises reducing the crystalline drug substance 
to dimJnsions in the range 50nm to 10|Lim, by sonication or other processes 

i 

inducing high shear, in the presence of a phospholipid or other membrane- 

ii 

forming amphipathic lipid, whereby the drug microcrystals become coated with 
said lipoid. 



25 US Patent No 5,145,684 describes particles of crystalline drug substance having 
a non-dross litikeil surface modifier adsorbed on the surface and an effective 

i I 

average particle size of less than about 400nm. These particles are said to be 
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prepared by milling in the presence of grinding media, using for example a ball 
mill, an jattrition mill, a vibratory mill or a media milL. 

International Patent Application WO 96/14830 (US Patent no 5,858,410) 
describes a drag carrier which comprises particles of a pure active compound 

j! 

which is insoluble or only sparingly soluble in water, which has an average 
diameter of 10nm|to l,000nm and'the proportion of particles larger than 5 |uim 
in the tctal population is less than pA%, Preparation of the particles, with or 
preferal:ly without surfactant, by rbieans of cavitation (e.g. using a piston-gap 
homogenizer) or by shearing and impact forces (i.e. the jet stream principle) is 
also described. ' 



15 



jWe haSje now found that spironolactone can advantageously be prepared in 
jnanoparticulate form, said nanoparticles being obtained in a consistent and 
narrow particle size range. Advantageously, nanoparticulate spironolactone is 
provideji in the form of a nanosuspension. We have further surprisingly found 
that said nanosuspension has increased flux across the intestinal membrane and 
an impil)ved pharinacokinetic profile following oral administration to rats. 



20 



In a first aspect therefore the present invention provides nanoparticles 
comprising spironolactone, said nanoparticles having a mean diameter, 
measured by phot|>n correlation spectroscopy, in the range of from about 300nm 
to about 900nm, preferably 400nm to 600nm. 



25 



As is well known in the pharmaceutical art, particle size may be measured by a 
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variety of methods, which can give rise to apparently different reported particle 

i 

sizes. Such methods include photon correlation spectroscopy (PCS) and laser 

! i I 

diffract 'pn. Furthdrmore the particle size maybe reported as an average particle 

size (e.:^. a number average, weight average or volume average particle size). 

II 1 ' * 

In the pjresent specification, unless indicated otherwise, the particle size will be 

quoted as a volunae average particle size. Thus for example, a D50 of 500nm 

indicates that 50% by volume of the particles have a diameter of less than 

SOOnm. 1 Alternatively it can be stated that the particles having a diameter of less 

than SOOnm occupy 50% of the total volume occupied by the total number of 

[particles. 



15 



20 



25 



When the 
measured 
in the 



particle size of spironolactone according to the present invention is 
by laser diffraction the D50 is in the range 350-750nm and the D99 is 
500-900ran. 



range 



Nanosuspensions pnd nanoparticles comprising spironolactone according to the 
present invention jpreferably incorporate a stabiliser to prevent aggregation of 
the nanoparticles: Such stabilisers, which are well known in the art, are 
described in more detail hereinafter. 

in this specification nanoparticles comprising spironolactone and 
jnanosusjpensions comprising spironolactone according to the present invention 
will be referred to as nanoparticulate spironolactone. It should be appreciated 
that this term also includes nanoparticles and nanosuspensions comprising 
spuronol^actone in association with a stabiliser. 

|Nanopa|ticulate spironolactone according to the invention, may be prepared by 
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jany known method for the preparation of nanoparticles, in particular by 

i 

jcavitation. 

kn a second aspect the present invention provides a process for preparing 

i 

nanoparticles comprising spironolactone which comprises subjecting a coarse 
dispersion of spironolactone to cavitation. Preferably the nanoparticles are 
prepareji using a high pressure piston-gap homogeniser. The nanoparticles may 

be associated with a stabiliser. Such stabilisers, which are well known in the 

j 

art, are described in more detail hereinafter. 



For the 
starting 
particle 



preparation of nanoparticles it is preferred that the spironolactone 
material be utihsed in the 



form of coarse particles, preferably having a 
jsize of Idss than about 100|Jim, If necessary, the particle size of the 
pironolactone may be reduced to this level by conventional means, such as 
jnnilling. The coarse particles of spironolactone are preferably dispersed in a 
liquid medium comprising a solvent in which the drug substance is essentially 
'insoluble. In the case of spironolactone the liquid medium preferably comprises 
an aqueous solvent and most preferably consists essentially of water. The 
concentration of spironolactone in the said dispersion of coarse particles may be 
in the ijkiige 0.1 to 50%, The coarse dispersion may then be utilised in any 
known ikiethod for obtaining nanoparticles. 



25 



A prefelrred method is high pressure homogenization, wherein particle size is 

i 

reduced mainly by cavitation. This is most preferably achieved using a high 
pressure piston-gap homogeniser. In this method, the dispersion of coarse 
particles is forced at a high flow rate through a gap which is approximately 
25\xm Ayide. The static pressure exerted on the liquid falls below the vapour 
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pressure! of the liquid. The liquid therefore boils, resulting in the formation of 

gas bubiles within the area of the gap. However, once the liquid exits from the 

I 'I 

gap, noitaial pressure prevails and the gas bubbles collapse. The powerful 
implosion forces which result are strong enough to break up the coarse particles 

of drug substance, resulting in the formation of nanoparticles. 

I 

j I 
ffigh pressure homogenisation may be carried out at a pressure in the range 100 

to 3000 bar, prefeirably 1000 to 2(^00 bar (lO'^ to 3 x 10^ Pa, preferably 10^ to 2 

?c 10^ Pa) and at a temperature in the range 0 to 50°C, preferably 10 to 20°C, eg 

around IS^C. The homogenisation may be carried out in a series of cycles until 

the desired particle size is obtained, or as a continuous process, e.g. over a 

! i 

period of 2-30 hours, preferably 2-10 hours. 

.1. 
j 

Nanosuslpensions of spironolactone according to the present invention 

ji 

preferably incorporate a stabiliser to prevent aggregation of the nanoparticles. 
Said stabiliser may be introduced at any suitable stage during the manufacture 
of the n|nosuspension. Thus for example, surfactant may be added to the initial 
coarse dispersion prior to the formation of nanoparticles or after reduction of 
icles size, e.g. by high pressure homogenization, has taken place, 
vely a po rtion of the stabiliser may be added before and a portion after 
the step of particle size reduction. Preferably stabiliser is present in the coarse 
dispersion. The concentration of stabiliser, either in the coarse dispersion or the 
nanosuspension may be in the range 0 to 10%. 




25 



Stabilisers which may be employed in the preparation of nanosuspensions 
according to the present invention may be selected from conventional 
stabilisets, and may include compounds which are also described as surfactants 
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and surface modifiers. Thus examples of stabiliser which may be employed 
include: 



polyoxyethylene sorbitan fatty acid esters, e.g. Tweens and Spans; 
polyoxyjsthylene stearates; polyoxyethylene alkyl esters; polyethylene glycols; 
block polymers and block copolymers such as poloxamers e.g Lutrol F68, and 
poloxanjines; lecithins of various origin (e.g. egg-lecithin or soya-lecithin), 
chemically-modified lecithins (e.g. hydrated lecithin), as well as phospholipids 
and sphingolipids, sterols (e.g. cholesterin derivatives, as well as stigmasterin), 

esters and ethers of sugars or sugar alcohols with fatty acids or fatty alcohols 

i 

(e.g. saccharose monostearate); 

ethoxylated monor and diglycerides, ethoxylated lipids and lipoids, 

dicetyl phosphate, phosphatidyl glycerine, sodium chelate, sodium 

glycolc] lolate, sodiium taurocholate; sodium citrate; 

! ' 

cellulose ethers jand cellulose esters (e.g. methyl cellulose, hydroxyethyl 

cellulose, hydroxypropyl cellulose, sodium carboxymethyl cellulose), polyvinyl 

i ' 

jderivatives such as polyvinyl alcohol, polyvinyl pyrrolidone, polyvinyl acetate, 
alginates, polyacrylates (e.g. carbopol), xanthanes; pectins, gelatin, casein, gum 
acacia, I cholesterol, tragacanth, stearic acid, calcium stearate, glyceryl 
imonostearate,dioctyl sodium sulfosuccinate (sodium docusate); sodium lauryl 
sulfate, jsodium dodecyl sulphate, benzalkonium chloride, alkyl aryl polyether 
sulfonate, polyethylene glycols; 

colloidal silicon dioxide, magnesium alunainium silicate; and phosphates. 



A preferred stabiliser is sodium docusate, which is connmercially available as a 



solutioij^ in propylene glycol, under the name OctowetTO™. 
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|It will be appreciated from the foregoing that the process is carried out in a 

liquid medium and hence the nanoparticnlate spironolactone product is initially 

. I 

obtainecl in the form of a nanosuspension. If desired the liquid medium may be 
removed, e.g. by lyophilisation or spray drying to provide nanoparticulate 

i 

spironolactone in solid form. It will be appreciated that where a stabiliser is 
present, during the manufacture of a nanosuspension, the corresponding dried 
nanoparticulate product will be associated with said stabiliser. 



The spironolactone nanosuspensipns and nanoparticles according to the present 
inventi<)|n may fee formulated ifor pharmaceutical use, optionally using 

pharmaceutically acceptable excipients and carriers well known in the art. They 

I 

may be administered as a medicament by any convenient route, eg by 
parenteral, oral, topical, buccal, sublingual, nasal, pulmonary, rectal or 
transdermal administration. 



In a third aspect therefore the invention provides a pharmaceutical formulation 
comprising nanoparticles comprising spironolactone, said nanoparticles having 
a mean i diameter, measured by photon correlation spectroscopy, in the range of 
from jlbout SOOnm to about 900mn, preferably 400nm to 600nm. 
Pharmaceutical formulations according to the present invention advantageously 
compris ;p a najnosuspension, most preferably in aqueous solution. 
Pharma Identical fjormulations according to the present invention may be 
prepared according to methods well known in the art. 

Thus f6x example, solid dosage forms, eg for oral administration may be 
prepared by spray-coating the nanosuspension comprising spironolactone on to 
!a sugar Sphere or other suitable solid pharmaceutical excipient. 
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Dosage forms for pulmonary administration by inhalation may be provided as 
m aeroijol, comprising an aqueous nanosuspension of spironolactone. A dry 
3owder for inhalation may be prepared by spraying the aqueous dispersion on to 
parrier pjarticles, sijich as lactose. 



10 



Spironolactone formulations according to the present invention may be used for 
kie treatment of congestive heart failure and other conditions which may be 
Ireated with an aldosterone inhibitor. 



[n a fuijther aspect the present invention provides the use of nanoparticulate 
spironolactone in the treatment of a condition known to be treatable with an 
aldosterpne inhibitor, e.g. congestive heart failure. 



15 



Experiiaental 

Table I Olustrates representative preparations of spironolactone according to the 
present invention. 



20 



25 



Preparation of nanosuspensions 

A. preparation of an aqueous solution of the stabiliser was incorporated into 
water or buffer for injection under magnetic stirring until a clear solution was 
obtained. A slurry was formed by wetting the spironolactone with the 
ppropriate quantity of the aqueous solution of the surfactant. The resulting 
uspension was dispersed using a high shear-dispersing instrument The 
suspensions were left under magnetic agitation to eliminate foaming. The 
resulting suspensions were passed through a high-pressure piston gap 
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I 

lomogd^izer to dbtain a nanosuspension. Formulations 1-7 were prepared 
using an Avestin C5™ and Formulations 8 and 9 were prepared using an 
Avestin C50™. During homogenization the drug particles are disrupted due to 
cavitation effects and shear forces to form small micro-and nanoparticles. The 
) jparticle ^izes were determined by photon correlation spectroscopy (PCS) using 

a Zetasizer 3000 HS^^ (Malvern). D50 and D90 were measured by laser 

j 1 

piffractipn using a Coulter LS230. 
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Table I ! 



Formulation 


1 


2 


3 


4 


5 


6 


7 


8 


9 


iSpironolactone 

Jo ) 


10 


10 


20 


10 


10 


10 


10 


10 


10 


Sodium 
mlphate 


lauryl 

% i 


1 


- 




0.1 


0.4 


0.1 


- 


- 


- 


Lutrol I 


58 % 1 




1 


1 




0.4 


0.1 


0.4 








Na CI 
















0.9 








Octowet! 70 \ 
(sodium 
jdocusat^) % 
















0.5 
(0.35) 


0.5 
(0.35) 


0.5 
(0.35) 


Water i 


QS to 100% 


Process, 
j 1 
ponditidns 

I i 




















Pressure (bars) 


1500 


1500 


1500 


1500 


1500 


1500 


1250 


1500 


1500 


Time (ujiin) 


90 


180 


180 




180 


180 


300 


300 


1080 


Sample 
:ml) 


Volume 

i i 


40 


40 


40 


40 


40 


40 


40 


100 


500 


^Results 








i 














D50 (niic 


iron) 


1.69 


0.85 


IO6 

1 


0.84 


0.88 


0.86 


0.78 


0.54 


0.539 


P90 (micron) 


4.39 


1.83 


2.49 


1.92 


1.82 


1.5 


1.8 


0.68 


0.772 


t i 
PCS mean 

1 

diameter 




581 


880 


608 


681 


656 


609 


415 


436 


t>i ■ 

1 




0.7 


0.2 


0.15 


0.03 


0.1 


0.2 


0.05 


0.1 



! 
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Biologidal Test Results 

Nanosuiypensions of spironolactones according to the present invention were 
tested u\ study the effect of the different saturation concentrations provided by 
the fomjiulations oh the drug transport across Caco-2 cell naonolayers. 

|rhe formulation used in this study was Formulation 8 shown in Table 1 

I i 

hereinbefore. 



10 



15 



20 



25 



Preparation of test solutions 

The nahosuspensions were diluted with different volumes of Hanks Balanced 
Salt Solution (HBSS) supplemented with 25mM MES adjusted to pH 6.5 and 

shaken until an equilibrium was reached. For the reference solutions an excess 

I 

amount; of coarse powder of each drug was shaken in HBSS/MES in the 
presence of the Icorresponding surfactant concentration until the saturation 
concentration wasj reached. Separation of the solution from the sediment was 
performed by centrifugation for 15 min at 4500 ref. 

Absorption Studies 

Caco-2 j cells (passage 33-41) were cultured for 21-27 days on 24 mm 
polycariponatE filter membranes (OAfim pore size; Transwell, Coming, MA), 

I ! 

;2,5ml of test solution was added to the apical and 2.5ml buffer to the basolateral 
'side. Samples from the receiver chamber were collected at 0, 30, 60, 90, 120 
min and volume was replaced by fresh medium. Samples were analysed for the 
radiolabelled marker molecules by liquid scintillation counting and for the 

|j ' 14 3 

spironolactone by HPLC. As integrity markers, C-mannitol and H- 
metopralol were tised. In addition TEER (transepithelial electrical resistance) 
measurements at the beginning and the end of each experiment were conducted. 



wo 02/102391 



PCT/IB02/03136 



13 



jrhe fluxes of drag were calculated from the slope of the amounts of drug 
jiransported across the monolayer versus time. 



RESULTS 

Figure 1 illustrates the steady-state fluxes across the intestinal membrane for 

I 

spironolactone. At dilutions of 1:100, 1:30 and 1:10, the flux values were 
ligher fbr the diluted nanosuspension as donor solution as compared to the 
coarse S|Uspension. 



10 Pral absorption studies 

FoUowiBg oral adininistration to rkts, spironolactone nanosuspension according 
|to the present invention gave significantly higher plasma levels of drug 
jmietabolites than a corresponding coarse suspension, as shown by Figure 2. 



15 In vivo bioayailability studies 



20 



A four-way crossover (fed/fasted) study was performed of the in- vivo 
bioavailability of Spironolactone in dogs. A crude suspension (reference) or a 
aanosus|pension (test) as described above were administered to 8 male beagle 
logs at a dose of 5mg/kg. The washout period was 10 days. LC^MS/MS: 
spironolkctone, canrenone, TMSL-and HTMSL, (LOQ=0.5ng/mL). The results 
are sho^j^^n in Tables 2 and 3 and Figures 3 and 4. 



25 
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Table 1 

Spirono: 
]"asted c 


I 

1 

lactone dog study 
bnditions n=6 


jfeipironG 


lactone | 

i i i 


jParam^ter 1 


Comparison, n=:6 


Point Estimate 


Auco-oo 


Nanosuspension/Reference 


2.0 


Pmax 




Nanosuspension/Reference 


2.7 


tmax 


i 


Nanosuspension-Reference 


-52 nain (Difference) 


: 1 

Canrenone 


Parameter 


Comparison, n=6 


Point Estimate 


AUCo-c 


i 


Nanosuspension/Reference 


13 




1 ; 

1 


Nanosuspension/Reference 


1.3 


max 


! 1 
i 1 


Nanosuspension-Reference 


-90 min (Difference) 
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15 



20 
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[Table 3 j 

Spironolactone nanosuspension 
5 |Fed/Fasted comparison — 6 dogs 



Nanosuspension 


Parameter 


Comparison, n=6 


Point Estimate 


AUCo-oo 


Fed/Fasted 


1.2 


Cmax 


Fed/Fasted 


0.90 


Fmax 


i 


Fed-Fasted 


+15 min (Difference) 


Referei 


ice 

i ; 
t 1 


Param( 


ster 


Comparison, n=6 


Point Estimate 


t\UCo-< 


• i 


Fed/Fasted 


2.4 


tmax 


Fed/Fasted 


3.2 


^max 


Fed-Fasted 


-60 min (Difference) 
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iClaims 



]>Ianoparticles comprising spironolactone, said nanoparticles having a 
mean diameter, measured by photon correlation spectroscopy, in the 
ijange of from about 300nm to about 900imi. 



10 



2. Manoparticles comprising spironolactone according to claim 1, said 

riianoparticl|es having a mean diameter, measured by photon correlation 
sjpectroscopy, in the range of from about 400nm to about 600nm. 



3. Nanoparticulate spironolactone according to claim 1 or claim 2 in the 
form of a nanosuspension. 

15 4. Nanosuspension according to claim 3 which is an aqueous 
nanosuspension. 



20 



6. 



Nanoparticulate spironolactone according to any of claims 3 to claim 5 
associated with a stabiliser. 



Ijjfanoparticlalate spironolactone according to claim 5, wherein the 
stabiliser is sodium docusate. 



A pharmaceutical formulation comprising nanoparticulate spironolactone 
according to any of claims 1 to 6. 

Use of nanoparticulate spironolactone according to any of claims 1 to 6 
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17 

in the treatment of a condition requiring treatment with an aldosterone 

jl 

inhibitor. 

I! 

|9. T|anoparticjilate spironolactone according to any of claims 1 to 6 for the 
5 treatment of congestive heart failure. 

jlO. A process for preparing nanoparticles comprising spironolactone which 
comprises subjecting a coarse dispersion of spironolactone to cavitation. 

10 11. A process according to claim 7 which is effected using a high-pressure 
piston-gap homogeniser. 

12. A process according to either of claims 10 or 11 wherein the 



15 



ianoparticles are associated with a stabiUser. 
13. A|process according to clairn 12 wherein the stabiliser is sodium docusate. 




SUBSTITUTE SHEET (RULE 26) 



wo 02/102391 



PCT/IB02/03136 



2/4 



o 

cL 

c 
Q 

c: 
0) 
OL 
CO 

w 

0) 

o 



13 
I— 

Q 



0 <D 



t I f 



<0 

o 

Q. 

.O 
*'#-« 
(D 

E 

o 
o 

CO 
CD 

sz 
CL 



r 
o 
o 
o 

CM 



— T" 
o 
o 
in 



o 
o 
o 



o 
o 

lO 



Concentration (ng/ml) 




0) 

E 



Concentration (ng/ml) 



SUBSTITUTE SHEET (RULE 26) 



wo 02/102391 PCT/IB02/03136 

3/4 



Spironolactone nanosuspension fasted coditions-6 dogs 
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FIG. 3 
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